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(57) ABSTRACT 

A method of manufacturing transistors of a ?rst and second 
type on a substrate includes producing doped semiconductor 
areas With a ?rst conductivity type in eventual contact areas of 
a ?rst type of transistors, depositing a ?rst intrinsic semicon 
ductor layer over an entire surface, activating dopants in the 
semiconductor areas such that a contact area With the ?rst 
conductivity type is produced in the intrinsic semiconductor 
layer, depositing a gate dielectric, producing a gate electrode 
by depositing a ?rst conductive layer and patterning the ?rst 
conductive layer, performing ion doping With dopants to pro 
duce contact areas With a second conductivity type for a 
second type of transistor, depositing a passivation layer, 
opening contact openings, and depositing and patterning a 
second conductive layer. 

14 Claims, 6 Drawing Sheets 
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METHOD FOR MANUFACTURING CMOS 
CIRCUITS 

CROSS-REFERENCE TO A RELATED 
APPLIACTION 

The invention described and claimed hereinbeloW is also 
described in German Patent Application DE 10 2006 009 
2805 ?led on Mar. 1, 2006. This German Patent Application, 
Whose subject matter is incorporated here by reference, pro 
vides the basis for a claim of priority of invention under 35 
U.S.C. l 19(a)-(d). 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for manufactur 
ing transistors of a ?rst and second type, in particular thin 
?lm transistors, on a substrate, and a transistor con?guration. 

Integrated circuits, in particular CMOS circuits, are manu 
factured using a large number of process steps. The manufac 
turing costs of these circuits are determined by the process 
complexity and the processing time. Highly-complex com 
ponents often require many hundreds of individual process 
steps and take many days to complete the process for the 
product. Some of the process steps must be devoted to pro 
ducing the individual active components. For example, at 
least six masking steps are required to manufacture CMOS 
transistors using conventional methods. One masking step is 
required to pattern each of the folloWing: 

the channel, 
the n+ drain/source areas (contact areas of a ?rst type of 

transistor); 
the p+ drain/ source areas (contact areas of a second type of 

transistor); 
the gate electrode; 
the contact holes through a gate dielectric; 
the contact metalliZation. 
In the related art, LDD (lightly doped drain) areas adjacent 

to the drain-source areas often require an additional mask. 
A method of this type is made knoWn in US 2004/0197967 

A1, for example. Areas for transistors of a ?rst and second 
type are de?ned on a substrate; this is Where n-channel and 
p-channel transistors Will be subsequently produced. The ?rst 
mask is used to de?ne the semiconductor islands in Which the 
transistor channels Will be located. 

The gate dielectric is noW deposited, and a second photo 
mask and doping are used to create the drain/ source areas of 
the n-channel transistors, and a third photomask and doping 
are used to de?ne the drain/source areas of the p-channel 
transistors. The gate metalliZation is noW placed on this, and 
it is patterned using the fourth mask. An intermediate insula 
tion is subsequently deposited, into Which holes are etched, 
using the ?fth mask. These holes are ?lled With a metal, and 
they are patterned for metalliZation, using a sixth mask. 

It is alWays desirable to have the feWest number of process 
steps and masking steps possible in a process, in order to 
reduce the manufacturing costs and throughput time. 

SUMMARY OF THE INVENTION 

The object of the present invention, therefore, is to provide 
a method for manufacturing transistors that requires a mini 
mum number of process steps and masking steps. 

This object is attained according to the present invention 
using a method for manufacturing transistors of a ?rst and 
second type, in particular thin-?lm transistors, on a substrate, 
With the method steps: 
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2 
a) Produce doped semiconductor areas With a ?rst conductiv 

ity type in contact areas of the ?rst type of transistors; 
b) Deposit a ?rst intrinsic semiconductor layer over the entire 

surface; 
c) Activate the dopants in the semiconductor islands such that 

a contact area With the ?rst conductivity type is produced in 
the intrinsic semiconductor layer; 

d) Deposit a gate dielectric; 
e) Produce a gate electrode by depositing a ?rst conductive 

layer and patterning this layer; 
f) Perform ion doping With dopants to produce contact areas 

With a second conductivity type for a second type of tran 
sistor; 

g) Deposit a passivation layer; 
h) Open contact openings; 
i) Deposit and pattern a second conductive layer. 

With this method, it is possible to produce a transistor 
con?guration With transistors of a ?rst and second type, and 
only ?ve photomasks are required. The ?rst intrinsic semi 
conductor layer can be used as a channel for the ?rst and 
second types of transistors. In addition, transistors of a second 
type can be easily created in this layer. Due to the fact that the 
dopants are activated in the semiconductor areas and there 
fore diffuse into the intrinsic semiconductor layer deposited 
thereon, it is not necessary to implant the intrinsic semicon 
ductor layer of the ?rst type of transistor. Preferably, only one 
mask is used to open the contact holes in the semiconductor 
and reach the ?rst conductive layer. 

Ion doping of the contact areas of the ?rst type of transis 
tors With dopants for a ?rst conductivity type can be avoided 
entirely When the doped semiconductor areas are produced by 
depositing a doped semiconductor layer and then patterning 
it. A ?rst photomask is needed for the patterning. The doped 
semiconductor layer can be deposited in an amorphous, 
microcrystalline, polycrystalline or monocrystalline state. 
As an alternative, it is also feasible to produce the doped 

semiconductor areas by depositing a second, intrinsic semi 
conductor layer, doping itiusing ion doping, in particulari 
and patterning it. 

It is also possible to activate the dopants by applying heat, 
e.g., in an furnace. The dopants in the doped semiconductor 
areas are preferably activated using a laser. This alloWs the 
process temperatures to be kept loW. 

With a method variant it can be provided that the ?rst 
intrinsic semiconductor layer is deposited as an amorphous or 
microcrystalline layer and is subsequently crystallized, par 
ticularly so that it forms a polycrystalline layer. The crystal 
liZation and activation of the dopants can take place in the 
same process step. 

Activation and crystallization are preferably carried out in 
one step using a laser. 
A buffer layer is preferably deposited under the doped 

semiconductor areas and on the substrate, to protect it. This 
also protects the semiconductor. The buffer layer serves as a 
diffusion barrier, among other things. 

With a particularly preferred method variant, it can be 
provided that the ?rst intrinsic semiconductor layer is pat 
terned such that semiconductor islands are retained at least in 
contact areas for the ?rst and second type of transistors, 
preferably in contact and channel areas. As mentioned above, 
a second type of transistor can be formed in the intrinsic 
semiconductor layer. The intrinsic semiconductor layer can 
also be used as a channel for the ?rst type of transistor. 

In a preferred embodiment of the method it can be provided 
that the ?rst conductive layer for producing the gate elec 
trodes is patterned such that the assigned, eventual channel, at 
the least, is covered by the gate electrodes of the transistors. 



US 7,723,175 B2 
3 

Via this action, the gate electrodes can be used as a mask for 
subsequent implantation With dopants. A separate mask for 
doping can therefore be eliminated. 
An embodiment of the method is characterized by the fact 

that ion doping is carried out With at least the gate electrodes 
of the second type of transistor as a mask such that, in the 
contact areas With the ?rst conductivity type, this ?rst con 
ductivity type is retained, and the contact areas of the second 
type of transistors have a second conductivity type. The 
implanted contact areas of the second type of transistors are 
therefore self-adjusted. The areas in Which transistors of the 
?rst type are created can be covered by a mask to prevent 
dopants for the second type of transistors from reaching the 
areas of the ?rst type of transistors. As an alternative, it is also 
feasible to keep the doping-agent concentration of the 
dopants for the second type of transistor so loW that the 
portion of dopants used to produce a ?rst conductivity is 
greater. 

Preferably, the ?rst conductive layer is patterned such that 
the gate electrodes of the ?rst type of transistor overlap at least 
part of the contact areas. The overhanging gate electrode 
ensures that the channel is also controlled. A portion of the 
contact areas With the ?rst conductivity type is therefore 
shadoWed When the ion-doping is carried out. Reliable con 
trol of the channel is therefore ensured. 

It is particulary advantageous When the doped semicon 
ductor islands are n+ doped such that the concentration is 
higher than that of the subsequently ion-doped acceptors, and 
areas With a loW concentration of doping agent are produced 
by activating the dopants in the direction of the channel. LDD 
areas can therefore be created Without the use of any addi 
tional masks. With this approach, n-channel transistors can be 
produced for the manufacture of CMOS components by 
deposting an n+-doped semiconductor, and p-channel transis 
tors can be produced via ion implantation. It is possible to 
produce the n-channel and p-channel transistors in any order. 
It is also feasible, in particular, to deposit a p-doped semicon 
ductor to produce the ?rst type of transistors. 

The scope of the present invention also includes a transistor 
con?guration that includes at least one transistor of the ?rst 
type, and one transistor of the second type, With: 
a) doped semiconductor areas With a ?rst conductivity type in 

contact areas of the ?rst type of transistor; 
b) a ?rst semiconductor layer doped With dopants of the 

doped semiconductor islands deposited thereon; 
c) a gate dielectric; 
d) a gate electrode composed of a ?rst conductive layer; 
e) ion-doped contact areas of a second conductivity type of a 

second type of transistor; 
f) a passivation layer; 
g) a second conductive layer. 
A transistor con?guration of this type is characterized by 

the fact that it can be produced using just ?ve masks. The 
manufacture therefore requires very little effort, time and 
expense. Additional conductive layers can be used to create 
connections in accordance With the desired sWitching prop 
erties of the transistor con?guration. 

Preferably, the ?rst semiconductor layer is deposited as an 
intrinsic semiconductor layer that is doped in contact areas 
for the ?rst type of transistors via subsequent activation, and 
out of Whichiafter appropriate pattemingithe channel 
region for the ?rst and second type of transistors is formed. 

With a preferred embodiment, it can be provided that the 
contact areas of the second type of transistor are formed in the 
?rst semiconductor layer, the ion doping of the contact areas 
being self-adjusted. The gate electrode of this transistor acts 
as a barrier for the ion doping in the area of the channel of this 
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4 
transistor. The contact areas are therefore self-adjusted to the 
gate electrode. Given that the gate electrode is used as a mask, 
a photomask can be eliminated. Incineration of the resist 
mask is not necessary, either. 

With a further embodiment, it can be provided that the gate 
electrode of the ?rst type of transistor overlaps the contact 
areas of this transistor. As a result, reliable control of the 
channel can be ensured. 

With an embodiment of the present invention, the transistor 
With n+-doped contact areas can include areas With loWer 
doping (LDD). These areas With loWer doping can be created, 
in particular, via diffusion during the laser crystallization of 
the intrinsic semiconductor layer in the direction of the chan 
nel. 

Further features and advantages of the present invention 
result from the detailed description of exemplary embodi 
ments of the invention presented beloW With reference to the 
?gures in the draWing, Which shoWs the details that are essen 
tial to the present invention. Further features and advantages 
of the present invention also result from the claims. The 
individual features can be realized individually, or they can be 
combined in any possible manner in different variations of the 
present invention. 
The novel features of the Which are considered as charac 

teristic for the present invention are set forth in particular in 
the appended claims. The invention itself, hoWever, both as to 
its construction and its method of operation, together With 
additional objects and advantages thereof, Will be best under 
stood from the folloWing description of speci?c embodiments 
When read in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 11 are schematic depictions that demon 
strate the manufacture of a transistor con?guration according 
to the present invention With a sequence of corresponding 
steps of the manufacturing process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shoWn in FIG. 2, a buffer layer 2 for protecting substrate 
1 is ?rst deposited on a substrate 1 shoWn in FIG. 1. 
As shoWn in FIG. 3, a highly doped semiconductor layer 3 

With a ?rst conductivity type is deposited on buffer layer 2, 
and it is patterned using a ?rst photomask such that the layer 
is retained only in contact areas 311, 3b for the ?rst type of 
transistor 20. 

Next, an intrinsic semiconductor 4 is deposited over the 
entire surface. Intrinsic semiconductor 4 is patterned using a 
second mask, so that semiconductor islands are retained in 
areas for a ?rst and second type of transistor 20, 21, as shoWn 
in FIG. 4. Semiconductor island 4a is provided for producing 
a second type of transistor 21. Semiconductor islands 4b, 4c 
are located above semiconductor layer 3 and therefore in 
contact areas 311, 3b. Semiconductor island 4d represents the 
channel of the ?rst type of transistor 20. 

In the process step shoWn in FIG. 5, the dopants in semi 
conductor layer 3 are activated, and intrinsic semiconductor 4 
is simultaneously recrystallized. The laser crystallization is 
carried out such that a highly-doped layer With a ?rst conduc 
tivity type results in contact areas 311, 3b via mixing. 
As shoWn in FIG. 6, a gate dielectric 6 is subsequently 

deposited over the entire surface. As shoWn in FIG. 7, a ?rst 
conductive layer 7 is noW deposited and subsequently pat 
terned, so that gate electrodes 7a and 7b result. It can be seen 
that gate electrode 711 covers the eventual channel of the 
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second type of transistor 21. Gate electrode 7b covers semi 
conductor island 4d that forms the channel, and it overlaps 
contact areas 311, 3b. Gate dielectric 6 can be removed every 
Where that a conductive layer of the ?rst type (gate electrode) 
does not exist, so that ion doping can be carried out at loW 
energies, e.g., using an ion shoWer. 

Subsequently, as shoWn in FIG. 8, ions are implanted and 
activated, gate electrodes 7a, 7b serving as masks. The ?rst 
type of conductivity is retained in contact areas 311, 3b, and 
areas With the second conductivity type are produced in con 
tact areas 8. 

As shoWn in FIG. 9, a passivation layer 10 is deposited over 
the entire surface. As illustrated in FIG. 10, contact openings 
K through passivation layer 10 and gate dielectric 6 are 
opened, so that contact areas 311, 3b, 8 and gate electrodes 7a, 
7b of the transistors can be contacted. A further photomask is 
used for this purpose. 
As shoWn in FIG. 11, a second conductive layer 11 is 

deposited and patterned using a mask such that transistors 20, 
21 and gate electrodes 7a, 7b are connected in accordance 
With the desired sWitching properties. 

It Will be understood that each of the elements described 
above, or tWo or more together, may also ?nd a useful appli 
cation in other types of methods and constructions differing 
from the type described above. 

While the invention has been illustrated and described as 
embodied in a method for manufacturing CMOS circuits, it is 
not intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made Without 
departing in any Way from the spirit of the present invention. 

Without further analysis, the foregoing Will so fully reveal 
the gist of the present invention that others can, be applying 
current knoWledge, readily adapt it for various applications 
Without omitting features that, from the standpoint of prior 
art, fairly constitute essential characteristics of the generic or 
speci?c aspects of this invention. 
What is claimed as neW and desired to be protected by 

Letters Patent is set forth in the appended claims. 

The invention claimed is: 
1. A method of manufacturing transistors of a ?rst and 

second type on a substrate, comprising the folloWing steps 
performed in the folloWing sequence: producing doped semi 
conductor areas With a ?rst conductivity type in eventual 
contact areas of a ?rst type of transistors; depositing a ?rst 
intrinsic semiconductor layer over an entire surface; activat 
ing dopants in the semiconductor areas such that a contact 
area With the ?rst conductivity type is produced in the intrin 
sic semiconductor layer; depositing a gate dielectric; produc 
ing a gate electrode by depositing a ?rst conductive layer and 
patterning the ?rst conductive layer; performing ion doping 
With dopants to produce contact areas With a second conduc 
tivity type for a second type of transistor; depositing a passi 
vation layer; opening contact openings; and depositing and 
patterning a second conductive layer. 

2. A method as de?ned in claim 1, Wherein said producing 
the doped semiconductor areas includes depositing a doped 
semiconductor layer and then patterning it. 

3. A method of manufacturing transistors of a ?rst type and 
of a second type on a substrate, comprising the steps of: 

producing doped semiconductor areas With a ?rst conduc 
tivity type in eventual contact areas of the ?rst type of 
transistors; 
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6 
depositing a ?rst intrinsic semiconductor layer over an 

entire surface; 
activating dopants in the semiconductor areas such that a 

contact area With the ?rst conductivity type is produced 
in the intrinsic semiconductor layer; 

depositing a gate dielectric; 
producing a gate electrode by depositing a ?rst conductive 

layer and patterning the ?rst conductive layer; 
performing ion doping With dopants to produce contact 

areas With a second conductivity type for the second type 
of transistor; 

depositing a passivation layer; 
opening contact openings; and 
depositing and patterning a second conductive layer, 

Wherein said producing the doped semiconductor areas 
includes depositing a second intrinsic semiconductor 
layer, doping said second semiconductor layer, and pat 
terning said doped second intrinsic semiconductor layer. 

4. A method as de?ned in claim 3, Wherein said doping the 
second intrinsic semiconductor layer includes using ion dop 
ing. 

5. A method as de?ned in claim 1; and further comprising 
activating the dopants of the doped semiconductor areas 
using a laser. 

6. A method as de?ned in claim 1, Wherein said depositing 
the ?rst intrinsic semiconductor layer includes depositing the 
?rst intrinsic semiconductor layer as a layer selected from the 
group consisting of an amorphous layer and a microcrystal 
line layer, and subsequently crystalliZing the deposited layer. 

7. A method as de?ned in claim 6, Wherein said subse 
quently crystalliZing includes subsequently crystalliZing the 
deposited layer so that said deposited layer forms a polycrys 
talline layer. 

8. A method as de?ned in claim 1; and further comprising 
depositing a buffer layer on the substrate under doped semi 
conductor islands. 

9. A method as de?ned in claim 1; and further comprising 
patterning the ?rst intrincing semiconductor layer such that 
the semiconductor areas are retained, at least in contact areas 
for the ?rst and second types of transistors. 

10. A method as de?ned in claim 9, Wherein said retaining 
includes retaining semiconductor islands that include contact 
areas and channels of the transistors are retained. 
11.Amethod as de?ned in claim 1, Wherein said ion doping 

includes ion doping With at least gate electrodes of the second 
type of transistor as a mask such that, in the contact areas With 
the ?rst conductivity type, the ?rst conductivity type is 
retained and the contact areas of the second type of transistors 
have a second conductivity type. 

12. A method as de?ned in claim 1; and further comprising 
patterning the ?rst conductivity layer such that the gate elec 
trodes of the ?rst type of transistor overlap at least part of the 
contact areas. 

13. A method as de?ned in claim 1; and further comprising 
doping semiconductor islands so that the doped semiconduc 
tor islands are n+-doped, and areas having a loW concentration 
of doping agent are produced by activating the dopants in a 
direction of a channel. 

14. A method as de?ned in claim 1; and further comprising 
opening of contact holes to the ?rst conductive layer and 
doWn to the contact areas by using only one masking step. 

* * * * * 


